CLAIMS 



.What is claimed is: 

1 1. A fiber optic module for coupling photons between an 

2 optoelectronic device and an optical fiber, the fiber optic 

3 module comprising: / 

4 a base having a slot and a plurality of pin holes, the 

5 base for mounting the fiber optyc module in a system for 

6 coupling photons between an optoelectronic device and an 

7 optical fiber; 

8 a printed circuit boa/dyfPCB) inserted into the slot 

9 substantially perpendicular /to the base, the PCB having a 

10 plurality of pins inserted/ intrcr^the plurality of pin holes and 

11 an optoelectronic device/ for communicating with an optical 

12 fiber using photons, the optoelectronic device having 

13 terminals coupled to uhe PCB; and 

14 a shielded housing coupled to the base, the shielded 

15 housing encasing the PCB for reducing electromagnetic 

16 interference (EMI)/ 

1 2. The fiber optic module of claim 1 for coupling 

2 photons between an optoelectronic device and an optical fiber 

3 wherein, the PCB further comprises: 

4 electrical components coupled between the optoelectronic 
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5 device and the plurality of pins on a first side of the PCB, 

6 the electrical components* for controlling the optoelectronic 

7 device, and / 

8 a ground plane coupled to a second side of the PCB for 

9 reducing electro-magnetic fields generated by the electrical 
10 components. / 

1 3. The fiber optic module lot claim 1 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 the fiber optic module further comprising: 

4 an optical block coupledhto the optoelectronic device, 

5 the optical block having a/ ^irjSt lens to couple photons 

6 between the optoelectronic /device andean optical fiber. 

1 4. The fiber optic ^module of claim 3 for coupling 

2 photons between an optoe/lectronic device and an optical fiber, 

3 wherein, / 

4 the optical block/ has a pair of optical block posts for 

5 alignment, and / 

6 the fiber optic' module further comprises: 

7 an optical fiber alignment plate having a pair of 

8 optical block alignment holes coupled to the optical 

9 block posts /for coupling in alignment the alignment plate 
10 to the optical block, the alignment plate having an 
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12 
13 



optical opening to allow passage off photons and a fiber 
optic post on a back side for coupling in alignment an 
optical fiber with the optical opening. 



1 5. The 'fiber optic module of cfilaim 4 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 the fiber optic module further comprising: 

4 a nose coupled to the base, /the nose for receiving an 

5 optical fiber connector and holding an optical fiber 

!3 6 substantially fixed and aligned with the optical opening of 

"2- 7 the alignment plate. / 1 ^ 

[ fi 1 6. The fiber optic lAoduflU of claim 4 for coupling 

j\ 2 photons between an optoelectronic device and an optical fiber, 

ru / 

ry 3 the fiber optic module further comprising: 
□ 4 a nose shield surrounding the nose for reducing 

5 electromagnetic interference. 



1 1 7. The fiber opt'ic module of claim 3 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, 

4 the first lens /of the optical block is one of an aspheric 

5 lens, a ball lens, /or a GRIN lens. 
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1 8. The fiber optic module of claim 13 for coupling 

2 photons between an optoelectronic device/ and an optical fiber, 

3 wherein, / 

4 the first lens of the optical block is for launching 

5 photons into an optical fiber from the optoelectronic device. 

1 9. The fiber optic module of claim 8 for coupling 

2 photons between an optoelectronic device and an optical fiber, 
□ 3 wherein, / 

%J 4 the first lens is a collimati/ig lens to steer the 

! £j 5 photons. Jj 

1 10. The fiber optic module Jtaf claim 8 for coupling 

jcS 2 photons between an optoelectroMC device and an optical fiber, 

^ 3 wherein, / 

4 the first lens is a symmetric lens to provide additional 

5 modes of coupling of photons./ 

1 11. The fiber optic module of claim 3 for coupling 

/ 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, / 

/ 

4 the first lens of the optical block is a focusing lens 

5 for receiving photons from the optical fiber and coupling them 
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6 to the optoelectronic device. 

1 12. The fiber optic module of claim 3 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, / 

4 the optoelectronic device is coupled substantially 

5 perpendicular to the printed circuit board, and 

6 the optical block further comprises: 

7 a reflective surface for reflecting photons between 

8 the optoelectronic device and the first lens; and 

9 a second lens for coupling photons between the 
10 optoelectronic device and iche reflective surface. 

1 13. The fiber optic modulffe 6f claim 12 for coupling 

2 photons between an optoelectnoryic device and an optical fiber, 

3 wherein, \Si 

4 photons are to be received from an optical fiber, 

5 the first lens of the /optical block is a collimating lens 

6 for receiving photons from the optical fiber and directing 

7 them towards the reflective surface, 

8 the reflective surface reflects photons received by the 

9 first lens towards the second lens and the optoelectronic 

10 device, and / 

11 the second lens of the optical block is a focusing lens 
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12 for focusing photons from the refleptive surface into the 

13 optoelectronic device. 

1 14. The fiber optic module c/f claim 13 for coupling 

2 photons between an optoelectronip device and an optical fiber, 

3 wherein, 

4 the optoelectronic device i|s a photodetector , 



3 2 



•;337 



2 3 

0 4 



;=!3 7 

: y 

□ 8 
9 
10 
11 
12 
13 



15. The fiber optic module I of claim 12 for coupling 
photons between an optoelectronic device and an optical fiber, 
wherein, 

photons are to be launched into an optical fiber, 
the first lens of the opfliqal block is a collimating lens 



for receiving photons from t 
directing them towards the i 
the reflective surface 



optoelectronic device and 
Lective surface, 

Electing photons received 



from the first lens and directing them towards the second lens 
and the optical fiber, and 

the second lens of the/ optical block is a focusing lens 
for focusing photons from tjhe reflective surface into an 
optical fiber. 



1 16. The fiber optic module of claim 15 for coupling 

2 photons between an optoelectronic device and an optical fiber, 
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3 wherein, 

4 the optoelectronic device is an emitter. 

1 17. The fiber optic module of claim/16 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, / 

4 the emitter is a vertical cavity surface emitting laser 

5 (VCSEL) . / 

1 18. The fiber optic module of claim 12 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, / 

4 the reflective surface is d boundary surface providing 

5 total internal reflection for the photons to be reflected. 

1 19. The fiber optic module of claim 12 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, / 

4 the reflective surface /is a mirror coated surface to 

5 reflect the photons. / 

1 20. The fiber optic /module of claim 12 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, / 
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4 the reflective surface is an optical grating surface to 

5 scramble photo-modes and to reflect the photons. 

1 21 • A fiber optic transceiver for coupling photons 

2 between optoelectronic devices and Optical fibers, the fiber 

3 optic transceiver comprising: 

4 a base having a first slot nefar one side, a second slot 

5 near an opposite side of the first slot, a first plurality of 

6 pin holes near the one side and a second plurality of pin 

Q 7 holes near the opposite side, the base for mounting the fiber 

■0 / 

if 8 optic transceiver in a system for coupling photons between an 

9 optoelectronic device and an ^ptical fiber; 
'u\ 10 a first printed circuit /board (PCB) inserted into the 

U 11 first slot substantially piirdendicular to the base, the first 

FU 12 PCB having a plurality of piJ\si^J^erted into the first 

r"i / 

r =3 13 plurality of pin holes ana a first optoelectronic device for 

14 communicating with a firsc optical fiber using photons, the 

15 first optoelectronic device having terminals coupled to the 

16 first PCB; 

17 a second PCB inserted into the second slot substantially 

18 perpendicular to the base, the second PCB having a second 

19 plurality of pins inserted into the second plurality of pin 
2 0 holes and a second optoelectronic device for communicating 
21 with a second optical fiber using photons, the second 
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22 optoelectronic device having terminals coupled to the second 

23 PCB; and / 

24 a shielded housing coupled to the base, the shielded 

25 housing encasing the first PCB and the /second PCB to reduce 

26 electromagnetic interference (EMI) . / 

1 22. The fiber optic transceiver of claim 21 for coupling 

2 photons between optoelectronic devyces and optical fibers 

3 wherein, / 

4 the first PCB further comprises: 

5 first electrical components coupled between the 

6 optoelectronic device and /the plurality of pins on a 

7 first side of the first/nCB, the first electrical 

8 components for controlling the first optoelectronic 

9 device, and /A / 

10 a first ground plane coupled to a second side of the 

11 first PCB for reducing electro-magnetic fields; 

12 and, / 

13 the second PCB further comprises: 

14 second electrical components coupled between the 

15 optoelectronic device and the plurality of pins on a 

16 first side of the second PCB, the second electrical 

17 components for controlling the second optoelectronic 

18 device, and / 
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19 a second ground plane coupled/xo a second side of 

20 the second PCB for reducing electro-magnetic fields. 

1 23. The fiber optic transceiver 6f claim 22 for coupling 

2 photons between optoelectronic devices and optical fibers, 

3 wherein, / 

4 the first PCB and the second PCB are inserted into the 

5 first slot and the second slot respectively such that the 

6 first electrical components are between the first ground plane 
□ 7 and the shielded housing and the second electrical components 
^ 8 are between the second ground plane and the shielded housing 

9 to reduce electrical crosstalk. ^ 

1 24. The fiber optic transceiver of claim 21 for coupling 

j'Q 2 photons between optoelectronic uo^vxcps and optical fibers, the 

Q 3 fiber optic transceiver further comprising: 

4 an optical block coupled/ to the first optoelectronic 

5 device and the second optoelectronic device, the optical block 

6 having a first lens to couple photons between the first 

7 optoelectronic device and af first optical fiber and a second 

8 lens to couple photons between the second optoelectronic 

9 device and a second optical fiber. 

1 25. The fiber optic/ transceiver of claim 24 for coupling 
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2 photons between optoelectronic devices and optical fibers, 

3 wherein, / 

4 the optical block has a pair off optical block posts for 

5 alignment, and / 

6 the fiber optic transceiver furthep: comprises: 

7 an optical fiber alignment plate having a pair of optical 

8 block alignment holes coupled to/ the optical block posts for 

9 coupling in alignment the alignment plate to the optical 

10 block, the alignment plate having an optical opening to allow 

11 passage of photons and a pair pf fiber optic posts on a back 

12 side for coupling in alignment/ a pair of optical fibers with 

13 the optical opening, // J 

1 26. The fiber optic trajfece/ver of claim 25 for coupling 

2 photons between optoelectronic devices and optical fibers, the 

3 fiber optic transceiver further comprising: 

4 a nose coupled to the /base, the nose for receiving an 

5 optical fiber connector and holding a pair of optical fibers 

6 substantially fixed and al'igned with the optical opening of 

7 the alignment plate. / 

1 27. The fiber optic/ transceiver of claim 26 for coupling 

2 photons between optoelectronic devices and optical fibers, the 

3 fiber optic transce iveij further comprising : 
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4 a nose shield surrounding the nose for reducing 

5 electromagnetic interference. / 

1 28. The fiber optic transceiver of/ claim 24 for coupling 

2 photons between optoelectronic devices/ and optical fibers, 

3 wherein, / 

4 the first lens and the second lens of the optical block 

5 are of the set of aspheric lenses, ball lenses, or GRIN 

6 lenses, / 

1 29. The fiber optic transceiver of claim 24 for coupling 

2 photons between optoelectronic dpvices and optical fibers, 

3 wherein, / / / 

4 the first lens of the optical t)lock is a focusing lens 

5 for receiving photons from ary optical fiber and coupling them 

6 to the first optoelectronic ^levice and the second lens of the 

7 optical block is a focussing lens for launching photons into 

8 an optical fiber from the second optoelectronic device. 

1 30. The fiber optic /transceiver of claim 29 for coupling 

2 photons between optoelectronic devices and optical fibers, 

3 wherein, / 

4 the first lens is' an asymmetric lens to steer the 

5 photons . / 
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1 31. The fiber optic transceiver of cLkim 29 for coupling 

2 photons between optoelectronic devices an£ optical fibers, 

3 wherein, 

4 the lens is a symmetric lens to provide additional modes 

5 of coupling of photons. 

1 32. The fiber optic transceiver fof claim 29 for coupling 

2 photons between an optoelectronic devices and optical fibers, 

3 wherein, 

4 the first optoelectronic devic/e is a photodetector, and 

5 the second optoelectronic device is an emitter. 

1 33. The fiber optic transceiver of claim 32 for coupling 

2 photons between an optoelectron:y£ ^evices and optical fibers, 

3 wherein, 

4 the emitter is a vertical £avity surface emitting laser 

5 (VCSEL) . 

1 34. The fiber optic transceiver of claim 24 for coupling 

2 photons between optoelectronic devices and optical fibers, 

3 wherein, 

4 the first optoelectronic device is coupled substantially 

5 perpendicular to the first /printed circuit board and the 
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6 second optoelectronic device is coupled substantially 

7 perpendicular to the second printed cirduit board such that 

8 the first printed circuit board and thd second printed circuit 

9 board are substantially parallel to each other and the first 

10 and second optoelectronic devices nearly face each other, and 

11 the optical block further comprises: 

12 a first reflective surface for reflecting photons 

13 between the first optoelectronic device and the first 

14 lens; 

15 a second reflective surface for reflecting photons 

16 between the second optoelectronic device and the second 

17 lens; 

18 a third lens for £o/$ling photons between the first 

19 optoelectronic device ajifil the first reflective surface; 
2 0 and 

21 a fourth lens for coupling photons between the 

22 second optoelectronic device and the second reflective 

23 surface; and 

24 wherein, 

25 the first lens is for coupling photons between the 

26 first reflective /surf ace and the first optical fiber, and 

27 the second /lens is for coupling photons between the 
2 8 second reflect i/ve surface and the second optical fiber. 
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1 35. The fiber optic transceiver of claim 34 for coupling 

2 photons between optoelectronic devices yand optical fibers, 

3 wherein, 

4 the first lens of the optical bLbck is a collimating lens 

5 for receiving photons from the first/ optical fiber and 

6 directing them towards the first reflective surface, 

7 the first reflective surface reflects photons received by 

8 the first lens towards the third Jens and the first 

9 optoelectronic device, and 



10 the third lens of the opt/ 

11 for focusing photons from the/ 

12 the first optoelectronic devi 



al block is a focusing lens 
Lrst reflective surface into 



1 36. The fiber optic transceiver of claim 35 for coupling 

2 photons between optoelectronic devices and optical fibers, 

3 wherein, 

4 the first optoelectronic device is a photodetector . 

1 37. The fiber optic/module of claim 34 for coupling 

2 photons between an optoelectronic device and an optical fiber, 

3 wherein, 

4 the fourth lens of the optical block is a collimating 

5 lens for receiving photons from the second optoelectronic 
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6 device and directing them towards the second reflective 

7 surface, 

8 the second reflective surface is for reflecting photons 

9 received from the fourth lens and dirqcting them towards the 

10 second lens and the optical fiber, and 

11 the second lens of the optical hflock is a focusing lens 

12 for focusing photons from the second/ reflective surface into a 

13 second optical fiber. 



1 38. The fiber optic transceiver of claim 37 for coupling 

2 photons between optoelectronic deyices and optical fibers, 

3 wherein, 

4 the second optoelectronic djMice is an emitter. 

1 39. The fiber optic transqj|iver of claim 38 for coupling 

2 photons between optoelectronic/ de^rides and optical fibers, 

3 wherein, 

4 the emitter is a vertica/L cavity surface emitting laser 

5 (VCSEL) . 



1 40. The fiber optic module of claim 35 for coupling 

2 photons between an optoelec/tronic device and an optical fiber, 

3 wherein, 

4 the fourth lens of trie optical block is a collimating 
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5 lens for receiving photons from the second c/ptoelectronic 

6 device and directing them towards the secojld reflective 

7 surface , 

8 the second reflective surface is fof reflecting photons 

9 received from the fourth lens and direct/ing them towards the 

10 second lens and the optical fiber, and 

11 the second lens of the optical block is a focusing lens 

12 for focusing photons from the second ^reflective surface into a 

13 second optical fiber. 



1 
2 
3 
4 
5 



41. The fiber optic transceiver of claim 40 for coupling 
photons between optoelectronic 6j£pi\es and optical fibers, 
wherein, 



the first optoelectronic 
the second optoelectroni 



rice is a photodetector , and 
ievice is an emitter. 



1 42. The fiber optic transceiver of claim 41 for coupling 

2 photons between optoelectronic devices and optical fibers, 

3 wherein, 

4 the emitter is a verti/cal cavity surface emitting laser 

5 (VCSEL) . 



1 
2 



43. The fiber optic /transceiver of claim 34 for coupling 
photons between optoelectronic devices and optical fibers, 
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3 wherein, I 

4 the first and second reflective surfaces are boundary 

5 surfaces providing total internal reflection to reflect 

6 photons . / 

1 44. The fiber optic transceiver? of claim 34 for coupling 

2 photons between optoelectronic devices and optical fibers, 

3 wherein, / 

4 the first and second reflecti/ve surfaces are mirror 

5 coated surfaces to reflect photons. 

1 45. The fiber optic transceiver of claim 34 for coupling 

2 photons between optoelectronic^ ioervices and optical fibers, 

3 wherein, / / 

4 the second reflective surface is an optical grating 

5 surface to scramble photo-mo^es of photons. 

1 46. The fiber optic transceiver of claim 21 for coupling 

/ 

2 photons between optoelectronic devices and optical fibers, the 

/ 

3 fiber optic transceiver further comprising: 

4 an internal shield inserted between the first PCB and the 

5 second PCB, the internal /shield further reducing electrical 

6 crosstalk. < 
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1 47. A method of assembling a fiber optic/ transceiver , the 

2 method comprising: / 

3 a) providing an optical block having /lenses and 

4 reflectors for directing photons / 

5 b) coupling a transmitting optoelectronic device and a 

6 receiving optoelectronic device to the optical block 

7 c) providing a single printed circuit board having 

8 transmit electronics and receive electronic components 

9 separated by a score; and / 

10 d) flexing the printed circuit/ board near the score to 

11 separate the single printed circuit? board into a transmit 

12 printed circuit board and a recci/vei printed circuit board for 

13 coupling respectively to the tr^simttinQ,,optoelectronic 

14 device and the receiving optoelectronic device. 

1 48. The method of claim 47 of assembling a fiber optic 

2 transceiver, the method further comprising: 

3 e) installing the present assembly into a shielded 

4 housing to reduce electromagnetic interference; and 

5 f) coupling a base to the shielded housing, the base 

6 having a pair of parallel /slots to couple substantially 

7 perpendicular to the transmit printed circuit board and the 

8 receive printed circuit board such that the transmit printed 
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9 circuit board and the receive printed circuijf board are 
10 substantially parallel to each other. 



1 49. The method of claim 47 of assembling a fiber optic 

2 transceiver, wherein, 

3 the transmitting optoelectronic device and the receiving 

4 optoelectronic device are coupled substantially perpendicular 

5 to the optical block in the coupling^ step such that photons in 

6 the optical block are collimated, reflected, and focused to 

7 couple photons between an optical /fiber and an optoelectronic 

8 device. 



1 50. The method of claim kl St assembling a fiber optic 

2 transceiver, wherein, 

3 the transmitting optoelectronic device and the receiving 

4 optoelectronic device are coupled substantially perpendicular 

5 to the optical block in the coupling step such that photons in 

6 the optical block are focused, reflected, and collimated to 

7 couple photons between ejn optical fiber and an optoelectronic 

8 device , 



1 51. The method <6f claim 47 of assembling a fiber optic 

2 transceiver, wherein, 

3 the transmitting optoelectronic device and the receiving 
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4 optoelectronic device are coupled to the dfptical block in 

5 parallel to the path of photons in optical fibers in the 

6 coupling step such that photons in the optical block are 

7 focused or collimated in order to couple photons between an 

8 optical fiber and an optoelectronic device. 

1 52. A fiber optic transceiver fijbr transmitting and 

2 receiving photons over optical fibers, the fiber optic 

3 transceiver comprising: / 

4 a transmitter for transmitting photons, 

'SKK- / 

. r- ■ i L 

■a 5 a receiver for receiving photons, 

ijl 6 an optical block for couplirib photons between optical 

W 7 fibers and the transmitter and \M6 receiver, the optical block 

; 3 8 having J / // 

!."?! 9 a receive opening ohJc^ne sid^of the optical block 

j;S 10 for receiving the receiver, 

11 a transmit opening ©n an opposite side of the 

12 optical block for receiving the transmitter, the transmit 

13 opening staggered from the receiving opening to avoid 

14 optical crosstalk between the transmitter and the 

15 receiver, / 

16 a first lens, a flirst reflector and a third lens in 

17 an optical path between the receive opening and a first 

18 area for coupling photons into a first optical fiber, and 
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a second lens, a second reflector and a fourth lens 
in an optical path between the transmit opening and a 
second area for coupling photons into a second optical 
fiber . 
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53. The fiber optic transceiver off claim 52 for 
transmitting and receiving photons over optical fibers, 
wherein the optical block of the fib'er optic transceiver 
further has: 

a top pair of tacking holes coupling to the receive 
opening and the transmit opening,/ the top pair of tacking 
holes for receiving an epoxy to^nold the receiver and the 
transmitter respectively in pla£fe. 




54. The fiber optic transceiver of /claim 53 for 
transmitting and receiving p]fotons^<5ver optical fibers, 
wherein the optical block ofj the fiber optic transceiver 
further has: 

a bottom pair of tacking holes coupling to the receive 
opening and the transmit ^opening, the bottom pair of tacking 
holes for receiving an epoxy to hold the receiver and the 



transmitter respect: 



in place. 



55. The fiber optic transceiver of claim 52 for 
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2 transmitting and receiving photons over optical fibers, 

3 wherein the optical block of the fiber optic transceiver 

4 further has : 

5 a pair of optical block alignment /pins for coupling to an 

6 optical fiber alignment plate, the pair of optical block 

7 alignment pins for aligning an optical output port of the 

8 optical block to optical fibers. 
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56. The fiber optic transceiver of claim 52 for 
transmitting and receiving photons over optical fibers, 
wherein, 

the first and fourth lenses Wre collimating lenses and 
the second and third lenses are/ focusing lenses. 

57. The fiber optic transceiver oi^claim 56 for 
transmitting and receiving pHotons over optical fibers, 
wherein, 

the second reflector i/s an optical grating. 



1 
2 
3 
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58. The fiber optic ^ransceiver of claim 56 for 
transmitting and receiving photons over optical fibers, 
wherein, 

the first reflector and the second reflector are boundary 



7 



surfaces providing sufficient index of refraction to provide 
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6 total internal reflection of incident photons. 



1 59. The fiber optic transceiver of claim 52 for 

2 transmitting and receiving pl^otons over optical fibers, 

3 wherein, 

4 the first reflector vano-feiie second reflector are mirror 

5 coated surfaces to reflect incident photons, 
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